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^  ABSTRACT 

Attempt*  to  uhe  Itctucul  limit  curve*  o(  a  art  of  cUsaea 
of  ahock  aprcira  ua  a  ImhI*  fur  the  dc*lKn  of  ktructurea  lw««« 
ahc<v«  (hat  ino  dt  alpn  t<pt'Ctra  obtatiud  by  the  combinatorial 
unalyitit  of  many  ahock  .spectra  lemt  to  In*  uvorconrcrvatlve.  ^  . 

Tbia-it>(frtm-r»p<>f(-pmH.eHM>  g  |K>aulble  expiniiatlun  fa*a<wa>  M-  cA-v 
K  aahihita  aomc  espert  menial  evidct  ce  la  aliowfhat  the 
value*  of  liiirrrat  In  a  ahock  apecirum  plot  lend  to  Ire  In  the 
valley*  of  that  plot  and  not  urmn  the  peak*,  whrreaa  fiducial 
limit  curvea  are  controlled  by  the  pcaka  of  the  Individual 
ahock  apectra. 
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EFFECT  UPON  SHOCK  SPECTRA  OP  THE  DYNAMIC 
REACTION  OF  STRUCTURES 


INTRODUCTION 

An  analyslfl  of  shock  modons,  in  terms  of  their  damatic  potc-r.iial  to  ilnelc-dritrcc* 
of-trt‘«ioin  mechanical  sysloms,  is  obtained  by  I'bscrvinj;  Iho  naximum  response  of  each 
of  these  svKiems  to  the  shock  motions.  A  plot  of  these  maximum  responses  as  a  function 
of  the  natural  frequencies  of  the  systems  for  a  particular  shock  motion  may  be  defined 
as  a  respunso  .spectrum.  A  sufficient  number  of  systems  are  assumed  to  exist  so  as  to 
rover  the  frequency  ranite  of  Interest.  If  ther**  is  no  damping  specified.  It  Is  assumed  lhai 
the  systems  are  undamped. 

The  response  can  be  staled  In  terms  of  .acceleration,  velocity,  or  displacement;  how-  ' 
ever  for  many  applications  the  relative  displacement  respense  is  most  useful.  As  this 
displacement  response  may  not  be  easily  derivable  from  velocity  or  acceleration  respo.nses, 
particularly  when  damping  terms  are  Included,  and  as  it  Is  frequently  desirable  to  express 
the  spectrum  in  units  of  velocity  or  acceleration,  these  latter  terms  arc  arbitrarily 
expressed  as  Xcoand  Xu.'*  respectively.  Displacement,  velocity,  or  acceleration  shock 
spectra  (or  a  given  shock  motion  are  therefore  arbitrarily  defined  by  curves  representing 
X,  Xw,  or  Xw*  respectively  as  a  function  of  frequency,  where  X  is  the  maximum  relative 
displacement  response  of  a  single -degree -of -freedom  system  to  the  given  shock  motion 
and  u>  represents  the  natural  angular  frequencies  of  the  systems. 

The  shock  sp'ectra  to  be  used  with  normal -mode  theory  of  structural  analysis  are 
those  which  are  valid  for  the  foundation  of  the  structure.  Shock  spectra  may  be  obtained 
elsewhere,  but  these  can  be  used  only  with  difficulty. 

The  concept  of  shock  spectra  to  aid  in  the  description  and  analysis  of  mechanical 
shock  has  been  used  with  varying  tiegret  s  of  success  for  many  years  (1-S).  Some  diffi¬ 
culty  has  been  experienced  by  workers  In  this  field  In  applying  these  spectra  for  design 
purposes  because  of  the  ovvrconservatlve  assumptions  gener.ally  made  when  seme  sort  of 
combinatorial  analysis  has  been  uited  to  provide  a  spectrum  representing  many  shocks  to 
roughly  similar  equipments  ,and  fo.indations.  This  spectrum  Is  frequenly  taken  as  the 
envelope  of  the  maximum  values  o;  the  individual  spectra. 

The  major  assumption  currently  employed  In  the  use  of  shock  spectra  i\that  the 
spectra  for  the  same  classes  of  .^hock  are  unaffected  by  variations  of  the  stlltness  of  s 
structure  being  subjecttxi  to  shock  as  long  as  the  weight  ol  the  structure  remains  reason¬ 
ably  close  to  that  (or  which  the  experimental  shock  spectra  were  obtained.  It  is  also 
generally  assumed  that  over  a  wide  range  of  possible  shocks  to  these  structures  the 
severest  condition  to  which  a  structure  would  ever  be  subjected  is  the  envelope  of  the 
maxima  of  all  possible  shock  spectra  or  some  lesser  value  determined  by  the  use  of 
statistical  fiducial  hnnt  curves  (4).  These  assumptions  usually  dei  ne  t.  shuck  spectrum 
which  is  so  severe  that  tew  structures  cun  withstand  the  shock  dev  ribed  by  the  spectrum. 

A  popular  type  oi  combinatorial  analysis  is  first  to  form  classes  of  shock  as  to  exci¬ 
tation  atxi  subdivide  these  classes  into  groups  according  to  weight  and  location.  These 
spectral  classes  then  lorm  loosely  correlated  groups  from  which  It  might  he  possible  to 
define  more  specific  sets  of  shock  spectra.  Often  maxima  of  individual  groups  are  plotted 
on  separate  graphs  (fly -speck  style)  and  fiducial  limit  curves  drawn.  It  has  been  noted 
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In  the  (Met  (4)  that  ahock  apectra  obtatnod  thla  way  define  a  ahock  which  la  extremely 
aevere  (for,  tty,  a  00-pcr''i‘iit  fiducial  limit  curve)  and  that  few  alructurea*  could  with* 
atand  auch  a  ahock.  It  la  obvloua  that  eomethinii  la  wronf  with  »uch  a  type  of  analyaia 
becauae  moat  structurea  which  were  in  place  during  field  triata  lor  which  shock  apectra 
were  obtained  survived,  whcrcua  melhoda  of  dealgn  that  mad*  use  of  thla  ahock  spectra 
data  Indicated  Uiat  they  should  have  taiiad. 

Attention  vaa  therefore  focused  upon  thla  problem,  and  It  was  noted  that  structures 
on  nonrlgld  foundations  feed  liack  forces  Into  the  foundation  which  alfeet  this  motion  tn 
auch  a  fashion  that  the  itpcclrum  values  of  ma)or  interest  for  a  shock  tend  to  lie  In  the 
region  of  a  valley  rather  than  in  the  vicinity  of  a  peak  of  the  plotted  spectrum  (S).  This 
haa  ixen  called  *  shock  spectrum  dtp,*  and  cxperlmenta  to  verUy  its  presence  have  been 
made,  and  arc  th.o  subject  (or  the  major  portion  of  this  report. 

A  rough  underatrndlng  as  to  why  the  valleys  represent  the  most  significant  shock 
apC'Clrum  valura  can  be  obtained  by  noting  (hat  the  valleys  nornially  occur  at  (re<)uencles 
corresponding  <0  normal  modes  of  vibration  of  the  equipment  snder  test.  The  equipment 
acts  aa  n  dynamic  vibration  absorber  (or  shock  motions  having  these  frequency  com* 
poc.enls  and  Uie, efore  causes  shod,  spectrum  dips  at  these  ire.{aencies.  However,  the" ' 
responses  of  the  equipment  to  the  shock  motion  are  small  except  at  these  frequencies. 

It  la  therefore  inappropriate  to  use  envelopes  of  maxima  of  sbcck  spectra  (or  design  of 
heavy  .'terns  and  to  apply  the  envelope  val»e8  at  normal >mode  (rcquenclea.  To  do  so 
often  rtaulta  In  sttendh  and  relative  displacement  requlremeais  that  are  obviously 
shHurdly  great. 

It  ta  a  secondary  purpose  of  thla  report  to  show  that,  smee  high  values  have  a  great 
effect  in  controlling  the  position  of  fiducial  limit  curves,  a  typ«  of  analysis  which  gives 
equal  weight  to  all  points  on  the  shock  spectra  will  produce  an  overconservatlve  result. 


PLAN  or  EXPERIMENT 

This  experiment  was  performed  to  study  the  effect  of  changes  in  structural  par.xm* 
etors  such  as  mass  and  stiffness  upon  shock  spectra.  Hence  a  oiodcl  structure  (Figs.  1 
and  2)  was  designed  and  built  such  that  it  was  possible  to  m.ar!sed'.y  change  the  stlffne  ;s 
of  this  structure  without  changing  Its  mass,  so  spectra  coaid  bw  provided  tor  the  same 
structural  weight,  and  also  such  that  tt  was  possible  to  change  lae  mass  while  retaining 
the  same  stiffness,  so  the  effects  of  varyirg  this  parameter  cowld  L«  obtained. 

The  experimental  records  obtained  from  velocity  pic*  -a  were  converted  to  velocity 
shock  spectra.  It  was  believed  that  sharp  local  downward  variauons  In  shock  spectrum 
values  would  occur  In  the  region  of  (Ixed-baset  natural  (requeeicits  of  the  structure.  It 
was  the  purpose  of  (his  experiment  to  expose  the  spectrum  dips,  to  correlate  them  with 
(ixed-bnse  natural  frequencies,  and  to  show  that  the  dips  rath«r  than  the  peak  values  of 
shock  spectra  are  of  major  Importance  in  design  techniques  uatrig  shock  spectra. 


DESCRIPTION  OF  EQUIPMENT 

The  structure  was  mounted  on  (he  Navy  Medium-Weight  Bigii-lmpact  Shock  Machine 
(6,7).  The  shock  machine  hammer  was  dropped  from  given  heights  so  that  the  primary 


*The  degree  of  overdesign  increatea  with  effective  weight  of  the  equipment.  For  light 
component  parte  thle  technique  it  quite  eppropriatc. 
tFixed-baec  natuml  (requenciee  ere  thoee  that  would  exist  if  th>e  foundation  (Fig. 
were  inlinitely  stiff ;  ad  heavy. 
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•teck  txctUUon  Rtvtu  to  Um  mtI)  ««•  rontruUcd.  Tk*  rvautUni  data  wera  aaMyird  on 
(ha  Narac  (a  dlRital  comiMior).  ^th  (aciUUaa  ara  K-catc<1  at  NR1«  Baaldat  (ha  thock 
macHlna,  (ha  (cat  aqulpmant  conitatad  o(  a  mudat  atructura,  velocity  matera.  cactUoaropaa, 
and  Camara  raco'cUna  a<)uipcQar.t.  Tha  rrtxt  gagaa  acd  atraln  gatcoa  viaibla  In  fig.  1  wera 
tor  purpoaaa  ;tot  c  wutaclad  «\th  tkla  raport. 

Tha  modal  atruotura  (fit*-  t  and  3)  wao  mounted  cn  a  aoUd  atavl  block,  D,  which  waa 
tha  foundation  ot  (ha  teat  atructure.  This  block  u-aa  te  turn  mountcti  on  car  budding  chan* 
nala  which  «‘are  connected  ro  the  ahnck  machine  table.  It  waa  poaaiblt  to  char.gc  the 
*load*  carried  by  tha  atiuctarf  by  ualng  diderent  eomblnatlona  of  par'a  C  and  S.  It  waa 
also  poailblc  to  change  the  *atilineaa*  ot  the  atructure  b>  moving  blocka  B  Into  an  Inter* 
mediate  poaltlon  between  tie  enda  of  baama  A  and  the  ce.nter  ot  the  atruo'.ure.  Table  I  la 
a  bat  of  part  altea  and  weifthta  tor  the  frame.  All  the  material  waa  steel.  There  are  soma 
minor  parts  along  with  nuts,  bolu,  taper  ptna.  ate.,  «luoh  axe  nut  delineated  in  thla  report. 


Table  t 

UAfOf  ouucUral  .part  Siiaa  tnd  Purposea 


pari 

Stae  (In.) 

Approx. 
Wtlght  <!»'> 

Purpose 

"a" 

31  X  4  X  1. 3  PUte 

19 

To  give  flexibility 

B 

3x4x3  Block 

19 

To  control  RexlblUty 

C 

9*1/1  X  4  X  3  Block 

94 

To  control  mass 

D 

91*1/1  X  4  X  3  Block 

119 

FotudaUon 

B 

9*1/1  x4xl*lil  Block 

17 

To  control  amigbt 

F 

99 

Mounting  pad 

0 

L 

1 

GuMttt 

L. 

The  velocity  •mater  signal  was  praaantad  on  a  cathode*rsy  oacUloacopa  a.>d  photo¬ 
graphed  by  a  movlng*(tlm  type  camera  to  give  a  trace  of  foundation  velocity  as  a  function 
o(  time. 


DESCRIPTION  OF  KXPBRIllSNT 

The  shock  machine  waa  used  on  two  occasions  to  create  two  seta  of  a  series  ot  twelve 
shocks;  the  excitation  (or  escu  set  aas  maintained  at  uniform  intensity  by  dropping  the 
hammer  from  the  same  height  (cr  each  test.  A  scries  o<  light  shocks  was  aiyl.ed  to  the 
frame  by  dropping  the  hammer  only  3  ir.chc.a  each  time.  A  scrice  of  heavy  shocks  waa 
applied  to  the  frame  by  dropping  the  hammer  12  mchrs  (or  each  st.ock  id  a  set.  for  each 
shock  ot  each  set  the  weIg.M  and  stdfness  ot  the  test  *rame  were  changed  eo  that  a  range 
ot  frame  conditions,  t.e.,  etiflccas  and  mans,  could  be  avib'ected  to  approalmately  the 
same  hammer  drop, 

for  Uie  remainder  o(  this  report  'Conttguratton  T  rrltrs  to  blocks  B  (Pig.  I)  In  the 
extended  position,  and  ■Configuration  U*  refers  to  these  block*  In  the  intermediate  or 
Btltfer  position  (where  the  short  bolts  are  shown  on  beams  A  In  Fig.  1). 
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Th«  MrU*  «»■  r*ri«<l  by  chuflnr  the  ■loMI*  tm  ta^  h««M  A  as  fwllaw; 

Welfhi  I  conilAted  of  Block  C,, 

Weight  2  contuted  of  Block*  C,  sAd  B,, 

WeiKhi  3  confuted  of  Blocks  C,  and  C,, 

Wet(ht  4  contlstoil  of  Blocks  C^.  and  B^. 

Weight  5  consisted  of  Blocks  C|,  C,,  and  C,, 

Weight  6  consisted  of  Blocks  C,,  C,,  C,,  and  B^. 

In  addition  a  reed  pige  (approximately  Iti  lb)  wan  on  top  of  the  suck  of  cet^bu  ior 
each  blow.  Ihr  weights  of  C«,  C.,  and  Cj  are  each  cQual  to  C,  aoi  E|  is  apprcxiaiauty 
onc-h.ilf  the  wei<h‘.  of  C.  In  the  tlcscrlptton  of  these  teste  >t  »*  j;rerH'?rtxtt  to  note  that 
*CoiU'iKi.raticn  I.  Weight  2'  and  ‘Configuration  U,  Welgnt  2,*  fee  CAsaole,  i>:<a  bare  th* 
same  maas,  but  different  stiffnesses. 

The  total  change  In  weight  from  Weight  t  ta  Wcigiit  f  tt'.  amounted  to  appracmaCety 
85  lb.  The  frame  and  foundation  (includinc  velocity  meters  ana  reed  s«ge*)  had  a 
mum  weight  of  ctMut  440  lb  and  therefore  a  maximum  weight  d  ahouc  52a  lb.  TV*  tctal 
weight  including  the  sliock  machine  Uble,  side  rails,  car  builtag  cluaoels.  and  traaw. 
was  In  excess  of  hCOO  lb. 

The  shock  was  transmitted  to  the  complete  structure  by  oceans  of  the  hammer  iapoct 
upon  the  anvil  (Pig.  3). 
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ANALYSIS  OF  MODEL  SI'R'OCTURB 

The  structure  was  analyuM,  with  the  aid  of  the  Narec.  br  the  xetbod  ot  louueiioe 
coefficients  and  m;iirix  iter.ttion  fS.O)  for  the  f'.rst  four  mode  tdac-es  *2^!  natural  ire- 
quencles  of  each  of  the  twelve  configuration  and  weigid  ccmbin*;;  .•■aa.  Figure  4  shew* 
a  schematic  representation  of  the  lumped  mass  system  which  vas  used  to  apprvxamaie 
the  real  system.  By  hiking  advantage  of  the  symmetry.  ■  M,.  M,  >  M.,  M,  >  3^..  U 
was  only  necessary  to  calculate  18  influence  coelfictents  lor  either  pos^uoA. 

The  response  analysis  (3,5,101  showed  thot  the  partlcipstiaa  licic.rs  were  rere  iee- 
Uie  symmetric  modes  U  and  !>’  in  all  cases,  so  that  they  could  .vt  ce  excited  by  the  rj^w 
c>t  motion  assumed  tor  this  experiment.  It  was  decided  that  the  narxra:  trev}ve«C]es  d  hw 
tundamt  ntal  modes  (or  tlie  frame  with  all  weights  and  posiUims  sauukf  be  loccsi  eapect- 
mentally.  The  system  foundation  was  welded  to  a  steel  bar  bur.cia  la  a  coocrete  bloc*  iw 


Ml  effort  to  treur*  w  rtfKI  a  (ouodatton  at  poaatbU,  and  the  natural  trecjwency  of  each 
corJifuration  and  weight  roaUnailon  wae  found  by  eaainlnatlon  of  the  recotd  of  the  rc«ponae 
to  a  UgM  mallet  blow. 

The  tiffecdve  maM  acting  in  each  mode  wan  calculated  (5,11),  and  It  wae  noted  that 
tf  eCteuire  ’iiMa  In  a  mode  waa  the  cauae  of  the  ebock  apeclrum  dip,  then  perhapa  only 
mode  1  would  abow  It,  because  In  all  caeca  over  02  percent  of  the  tnana  waa  acting  In  that 
mode,  whereaa  In  the  next  mode  only  6  percent  of  the  niasa  waa  effective.  Table  2  la  a 
brief  Bttmjaary  of  the  analyaia  reaults. 


rig.  4  -  Schematic  of 
lumped  mate  eyetem 


Summary  of  Mode  Analyaia  Reaulta 


Ohifiguratlon 
and  W«1  Jit 
Comolnatlon 

Mode  I 

mix8«  ui  I 

Hat.  Freti., 

Nat.  Freq., 

Mass 

Nat.  Freq., 

Mass 

Teat 

Calculated 

In  Mode 

Calculated 

In  Mode 

(cps) 

(epa) 

(percent) 

(cps) 

(percent) 

Configuration  1 

Weight  1 

83 

84 

92.1 

242 

5.8 

Weight  2 

77 

78 

92.0 

235 

5.9 

Weight  9 

72 

73 

92.1 

230 

8.0 

Weight  4 

88 

99 

92.3 

227 

5.9 

Weight  5 

63 

95 

92,0 

224 

5.8 

Weight  6 

80 

62 

92.8 

223 

5.6 

Configuration  n 

Wright  1 

186* 

15t 

92.9 

421 

5.7 

Weigh!  2 

177* 

149 

92.6 

409 

8.1 

Wright  J 

104» 

134 

92.8 

401 

8.2 

Wclvht  4 

153* 

125 

92.8 

395 

6.1 

Weight  9 

142* 

119 

92.9 

391 

6.1 

Weight  « 

t34* 

_ 

113 

93.2 

989 

5.9 

*  In  the  teit  record*  (or  the  let  netural  frequency  it  becaine  apparent  that 
Contiguratlon  H  viet  extremely  eentitive  to  vibr.ition  in  the  other  orthog* 
onal  direction!  ai.d  «  .ureional  mode  ecenied  to  appeitr.  Great  difficulty 
era*  encountered  In  getting  there  valuee,  -nd  little  claim  1*  rvade  to  any 
great  degree  of  precition.  It  wae  aleo  fell  that  If  the  ahock  machine  anvil 
table  rotated  elightly  during  vhe  ehock  motion,  thin  these  modee  would 
become  excited,  thereby  altering  the  spectrum.  It  it  also  to  be  noted  that 
the  Unite  eiae  of  the  sepirating  blccae  B  caused  larger  error*  to  appear 
in  the  computation  of  the  -  lodal  parametare  (or  Configuration  U  than  tor 
Configuration  I. 
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KXPKRIMKNTAL  KeSUtlV  OP  3-m.  BLOW 
Spectrum  Valuei  of  Intereal 

It  tb«  purpo  le  ot  each  ut  the  calcuUied  chock  apcctra  (FIkc.  S  throuch  10)  wau  to  find 
an  approxiraauot  to  the  etreac  at  aoy  location,  then  In  each  caac  there  ivo'Jti  have  been 
uilv  two  valuea  a!  intercat  on  each  apvctra,  Thia  la  bocauoe  the  structure  waa  csaenUally 
a  a>Blem  v>lth  t  eo  dCRrera  ot  freedom  (aco  Table  2).  The  two  values  ot  Interest  would  ba 
Uie  ItxeJ'basc  tatural  frequenciea  of  the  structure.  These  apeclrum  values  (Indicated  by 
Pot  marks  on  etch  of  the  spectra,  Figa.  S  throuKh  12)  art  compiled  and  presented  In 
TiLtie  3.  It  is  seen  that  these  spectrum  values  vary  from  a  maximum  of  3.48  tt/aec  down 
i.bO  tt.  aec  aiid  tend  to  fall  off  In  magrdlude  us  the  frequency  Increases. 


Table  3 

Shock  Spectrum  Values 


Coni  igui'a  lion 
a.no  Weigh! 
Corr.biiiaUc.i 

Mode  f 

Mode  m 

Nat.  Freq. 
(cps) 

.Spectrum 
Value  (ft/stc) 

Nut.  Freq. 
(cps) 

Spectrum 
Value  (ft/aec) 

Configuration  1 

■■■ 

Weight  1 

83 

BSH 

242 

2.60 

Weight  2 

77 

23S 

2.83 

Wesi+it  3 

72 

230 

2.97 

W«  -.g!U  4 

227 

2.62 

We  ght  5 

«3 

2.41 

224 

3.13 

Wei  ght  6 

«0 

223 

2.91 

Configuration  11 

Weight  1 

186 

421 

1.00 

Weight  2 

177  • 

409 

2.64 

Weight  3 

164 

401 

Hum 

Weight  4 

153 

2.24 

S9S 

Hum 

Weight  5 

142 

2.16 

391 

HS^B 

Weight  6 

134 

2.22 

389 

HsSH 

CspOanation  of  Shock  Spectrum  Graphs 

in  all  the  spectra  of  this  report  the  values  of  the  ordinates  are  in  feet  per  second,  and 
titjr  a^(■cissa  have  scales  of  cycles  per  second.  The  symbols  are  as  follows;  f ,,  Is  the  Itt 
iuen-Ouse  :iatur.'.l  Jrequeiicy  for  Configuration  ie  the  3rd  fixtd'base  natural  fre> 

qi.jBicy  for  Confiyuration  1,  f  ^  is  the  1st  fixed -base  natural  frequency  for  Configuration  0, 
(j,  u*  the  3rd  tix-  j-Mso  natural  frequency  for  Conflijuralion  It,  and  the  dots  ut  these  fre- 
•{.■Msirjes  represtr.i  the  spectrum  values  as  given  In  ‘nbie  3. 

Recall  that  Co.-Jigurations  1  and  n  are  identical  in  mass  for  a  given  weight  number 
but  dJJer  in  stiffness,  and  this  is  me  major  reason  for  the  differences  in  the  respective 
soi'.ca  spectra.  The  assumption  that  stiffness  need  rot  bo  considered  in  predicting  shock 
spo<;'vra  can  lead  to  gTave  inaccuracy,  as  the  following  example  llluslratca.  Suppose  the 
sheex  spectrum  of  Configuration  I  in  Fig.  8  were  taken  as  the  basis  for  prediction  of  the 
spectrum  oi  a  structure  having  the  same  mats  but  a  greater  sliffneas,  stlffriess 
caaa:.ng  the  frequency  of  Mcxle  I  to  be  153  cps,  and  suppose  that  this  greater  stiffness  was 
cocAadcred  unimportant  to  such  a  prediction.  Then  it  would  be  predicted  that  the  shock 
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Shock  ,peclT*  of  Con/jgur.tioni  I  and  U,  Fig.  8  .  Shock  .pcctra  of  Configuration.  I  and  n. 

Weight  3,  3.in,  Wow  4.  3-in.  Wow 


ii. 


}■ 


NAVAl  tISIAICN  lAtOtATOAV 


11 


ii|)cctrum  ol  th<>  rtlilli>.>r  nyuicm  nhould  have  an  ordinate  (if  15.5  ft/uvc  at  153  cpa.  Th« 
oxjjij  h.ie.’ital  hiiui'k  .'iMiirtitroin  l<ir  Coiifit;ur;tlloii  It  provide.^  the  teat  for  the  correctneM 
i>f  this  prediction.  Itvo.o'  iin  urdinuli*  of  2.3  ft.  acc  Inntead  of  the  predicted  15,5  ft/aec  at 
153  cps.  A  hiructurai  nienilier  of  Configuration  11  niade  according  to  the  prediction  would 
have  heeii  ovcrdcKlgnictl  by  the  factor  of  15.5/2.2  • 

Again,  if  the  slioi'li.  .■tpecirum  of  Conflguraiion  Q  had  been  laki'n  as  the  banIB  for  dcaign 
and  pri'(llelloi)  of  the  Hpertruni  of  a  toss  sttf'.  assembly,  specifically  one  with  66  epa 

as  f||,  and  If  the  .sttilno.'i^,'.  difference  had  i>cen  assumed  unimp'artan)  '(S  above,  the  predicted 
ordinate  would  have  neieo  4.7  ft/ sec  as  compared  with  the  observed  2.fi  ft, 'sec  at  60  cps, 
giving  an  overde.Mgn  iwciur  cf  1.6. 

If  each  figure  in  ot.xaniincd  in  this  fashion,  It  anil  be  noted  that  this  effect  of  overdesign 
is  prcseni  for  any  .sy.'ito.’ni  luving  a  dilferc'nt  fundamental  fretjucncy  than  that  of  the  system 
pieseni  when  the  shu.'d/.  Kpectruin  data  were  obir.incd.  It  will  also  be  noted  that  the  spec* 
trum  values  of  intere.si;.  i.e.,  those  for  frequencies  correapondlng  to  fixed-base  frequen- 
t'ic.s  of  the  system  te.sitcd,  lend  to  lie  In  valleys  and  not  on  peaks  of  the  (’'ock  spectra. 

Figures  11  and  111*. are  composites  of  all  shock  spectra  fur  Configuration  1  and  for 
Confip.urallc.'i  II  re.speo'lively.  The  dots  represent  the  velocity  shock  spectrum  values  of 
Interest  in  stress  c.xleiuUtiun.s.  Qualitatively  speakiry  it  Is  possible  to  say  that  these 
values  of  interest  did  null  occur  on  large  peaks. 

points  of  interc-siKoii.'Flg.  11  include: 

1.  The  range  of:  wdiocity  spectrum  values  of  major  Interest  for  the  fundamental  nat¬ 
ural  frequency  was  betiwetr,  60  and  83  cps. 

2.  There  Is  a  setoef  large  peaks  of  velocity  in  the  region  125  to  190  ops  v  ;.ich  are 
6  or  7  times  higher  tiain  most  of  the  shock  spectrum  values  of  interest. 

3.  The  spectra  Haiti :tiie  same  general  shape  but  tended  to  be  displaced  frequeneywise. 

Points  of  Intcrostticr:  iFig.  12  include; 

1.  Alt  spectrum  vr.tUies  corresponding  to  the  first  fixed-base  natural  frequency  cf  the 
frame  were  between  IKM  and  18C  cps,  and  the  spectrum  values  for  the  other  natural  fre¬ 
quency  were  between  3160. and  421  cps. 

2.  There  are  twvmaets  of  individual  peaks,  one  between  50  and  150  cps  and  one  betv/een 
175  and  225  cps. 

3.  The  spectra  haivt-  the  same  general  shape  but  tend  to  be  displaced  frequeneywise. 

Figure  13  is  ;«  repire. mentation  of  a  type  of  analysis  of  these  spectra  which  might  be 
made.  The  upper  cun-o'Hii  the  envelope  of  the  ma.\inium  values  of  all  the  .shock  spectra 
for  this  “class  of  l•qu^pIment.*  and  the  lower  line  is  the  envelope  of  the  minimum  values. 

It  can  be  easily  seen  ito.ti  thv  .shock  spectrum  values  of  interest  tend  to  lie  nearer  the 
minimum  line  than  tlir  'nia.ximum  one,  so  a  combinatorial  analysis  lhal  takes  the  peaks  into 
account  would  produce  .-.fiitictra  which  are  too  severe. 


EXPERIMENTAL  RESlUi.TS  OF  12-IN.  BLOW 

Tiie  results  of  the  Illi-in.  blow  were  plotted  in  the  same  fa.shion  as  fur  the  3-in.  blow, 
but  only  romposllcxs  are  shown  (Figs.  14-16),  The  results  do  net  clearly  illustrate 
shock  spvcl,  -..i’  dip ..•H.'.uially  for  Configuration  U.  However,  they  do  point  out  quite 
clearly  that  the  largo  niC'  of  pc^s  In  Configuration  1  was  replaced  by  a  deep  valley  in 
Cunf igut  ation  II  when  itie  fixed-base  natural  frequency  came  Into  that  region. 


igurktlon 


-nw.i  ijw  lUifnHfJVi . 


NAVAt  IISIAtCN  lAtetAIOaV  IS 


Fit.  !3  -  Maximum  and  minimum  cnvelopea  of  all 
shock  spectra,  B-in.  blow 


There  are  many  reasons  why  the  heavy  blow  did  not  give  the  anticipated  results  as 
clearly  as  did  the  lighter  blow.  Some  are  enumerated  below: 

1.  The  system  was  nonlinear  and  the  amplitudes  became  large  enough  during  the 
heavy  blow  to  affect  the  results. 

2.  The  shock  table  rotated  during  the  test,  undoubtedly  exciting  other  types  of  motion 
than  were  considered  in  the  frame  analysis.  This  rotation  also  caused  the  anvil  table  to 
suffer  three  distinct  blows  (the  hammer  blow  and  stops  on  first  one  side  and  then  the  other). 

3.  Maximum  stresser  were  In  the  order  of  the  yield  point,  which  Introduced  more 
damping  Into  the  structure. 

Figure  14  again  points  out  that,  even  with  the  spectrum  values  for  tu  In  doubt,  an 
envelope  ol  maximum  values  creates  a  false  impression  of  the  severity  of  the  shock. 
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DBCUSSKW 

It  hM  b*«n  dc  VMMrmMd  U  Uu*  mn—  et  ciqMru&c'ttAl  tetta  (lut  «>««*  ter  tlir  aua* 
ahwk'irrnrraUr^  ayatra  tad  Kri^tM  <<  tat:  iitr<>rtiXf.  tbr  ahot.k  aptcra  ceca^tad  arr 
ratrt'mely  aanattivr  to  tw  (ra^um.-taa  d  tat  ttu  a-'ruct  Mrt  bruti;  conaiMrad.  Tk«  ahock 
•pretrum  p«aka  are  uMcar.'tect:;  eak(«(t  by  tae  iia;ara>  trei^uenctea  ol  Lke  t-ya^en  aa  a 
wtwle  UD,  and  (bear  do  a^oc  ccrrea;»ru  tc  u*  f^.'>a>t»ae  utural  (requri>r««a  tae 
•U uctttre  inr  which  the  «p«<tra  rtpivar'tt  the  lowAbaxun  moiion  edecu 

Ftifurea  11  and  IS  n^rfaent  two  ot  Uae  typ.cal  t<*ui«la:ion  vclocitr  re.-*:ria  ofctauttd 
during;  the  teat.  The  top  recc.'d  in  eaca  caie  la  ue  cr.e  m  queaiion.  K%  :aa  C*  areo  after 
the  itutial  IfTpulae  there  it  a  liv*  U  e.t.oc  wr.,:a  a.^feaia  that  natural  .'.■  *•?»*«? -.ei  could 
be  obtained  fnim  the  reccr<lJ.  It  mat:  te  re:;.e:r.ie.*td  that  thrae  were  «a;>  the 

whole  ayr.iem  (anvil,  table,  ctanne'.a.  o>i:'4.  etc.'  wai  tc  rnotion.  axi.l  ar...  unrest  aaow 
the  coupUxl  natural  Ire^goeSA  tea.  Hence.  u*i«  txtier'ed  (rcctuenrli'a  will  !>:•:  (eceral 
correaptind  to  the  (taod.<a«e  natural  lre«)j(«ciea  cl  the  model  atructure.  C  Z4TI  la  the 
wcloctty-meter  record,  the  IXhamcl  latacral 


Xw-  •««  j*  i^^)  cow  -  t1  dT 


wtU  have  large  valuea  ti  tkooe  trce)»e«cte«  wtuca  eet.tcl de  with  the  (re^oc^oew  pretent  la 
^T).  Table  4  preaenta  a  coccparthco  at  the  proiheted  frei^uenclea  where  ura*  peaas 
would  occur  and  where  they  acturaily  dod  occur. 

It  haa  alao  been  ahb'wat  that  ralleta  tetid  to  appear  in  the  region  of  wpeirovs  locatlPna 
for  flxed'baae  natural  Ire^ercier.  and  that  Oiesie  raUeys  rather  than  che  peaaj  tead  to 
cootrol  the  atreaeea  in  a  ctructure.  Ahalyacs  o!  a  Urge  group  o(  apecira  wrwrrJi  the 
peaka  are  atatlatlcaliy  coc:.<;.aed  <rlth  t'.  t  reat  of  Ccv  vUu  an  a  point  cl  rc^ui.:  ww.«ul  cr 
mere,  would  glvt  a  (alae  tespreM-.oe  the  ae*er::y  cf  a  act  ot  shocks.  Tut:  :a.  waeo 
tidueial  liiail  cufvea  are  cemputed  usu.;  va'.uea  reg^nilos*  ef  whi  ther  uey  eerreapend 
to  the  tested  struo.tere  or  r>ct,  then  the  hegu  peaas  p-actically  deterreine  auiM  a  f;.d-.ctal 
lunit  curve,  ainl  t'.ieretcre  the  rcsultiu^  curve  it  >».x  at  all  representauve  cx  uc  •pevtruta 
valuea  useful  In  design. 
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Fif,  lA  «  record  -  Contitureuoa  Q 


Tkbl«4 

0Qc«p4rlw»n  of  Recorded  And  Predicted  PeakA 
of  Sbock  Spectra  tor  3  «in,  Mow 


*rd  Vr'ei^bt 
Ci'T'.buuUon 

Frepuency  cf 
Ua.'cr  Cjmjionent 
»»•  Velocity 
Record  (cp«) 

Peak  Frequency 
in  Shock 
Spectrum  (cps) 

CcefigvtraUoa  1 

'  Wctglit  1 

13« 

147 

Weteht  t 

140 

13S 

Weisbi  3 

H3 

1S3 

Akreiitht  A 

143 

147 

W«tci>t  s 

140 

t«4 

Pieitiit  A 

143 

134 

Ccrflforutlon  H 

WetjW  1 

103 

W 

m 

% 

104 

Wetfct.  i 

•3 

V% 

Weight  4 

9( 

tot 

Welvbt  $ 

ftl 

AX 

Weifbt  9 

•T 

•t 

i»^ti(tlM«a 
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In  the  ennlyete  ot  the  <UU  of  thla  exportment  not  much  han  been  said  of  the  upper 
(lequency  range,  tmt  attention  hae  been  tocuant  upon  the  1st  fixed ‘Ivase  natural  frequency 
of  the  frame  In  each  Instance.  The  rnaaona  lor  doing  this  are  the  following; 

1.  Only  about  I  percent  of  the  available  mass  was  In  mode  01,  making  It  relatively 
Ineffective  In  reducing  the  spectra  level. 

2.  The  alxe  of  time  Increment  choacn  for  the  numerical  Integration  technique  and 
the  Bpp«ara.ncc  of  Ftga.  11  and  12  seem  to  Indicati  that  perhape  only  spectrum  values 
below  3W  or  37S  epa  are  reliable. 

3.  It  la  Jlfflcull  to  calculate  natural  frequencies  In  the  upper  frequency  range  with 
the  preo.alon  required  tor  discerning  a  valley,  l-'or  example  iS>perreid  error  at  40  cps 

la  only  *2  epa,  tor  a  bandwidth  of  posMtblc  values  of  4  cps  tor  that  frequency,  while  vS  per¬ 
cent  ot  400  epa  la  *20  cps,  (or  a  bandwidth  of  possible  valuec  ot  40  cps. 

4.  The  eyetem  was  slightly  nonlinear  (or  large  amplitudes. 


CONCLUSIONS 

1.  The  potentially  extreme  overconeervatlem  In  design  resulting  from  Incorrect 
usage  ot  shock  tpectra  wae  verified  by  a  aeries  of  controlled  shock  experiments  In  the 
laboratory. 

2.  Tlie  distinction  between  the  shock -spectrum  values  at  tlxed-busc  natural  fre¬ 
quencies  ot  equipment  and  at  natural  frequencies  ot  the  complete  equipment -foundation 
system  was  demonstrated. 

Work  le  continuing  on  this  problem  and  a  report  to  be  published  will  present  some 
mathemr.t;cal  explanauon  for  the  phenomena  as  well  aa  the  results  of  another  set  of 
experiments  which  have  been  planned  using  the  knowledge  gained  from  thcae  teeta. 
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